Is there a need to control the placebo in placebo controlled trials?
The standard method of evaluating drugs is the randomised, placebo controlled, clinical trial.' In a letter to Nature, Golomb remarked that "It is paradoxical that there is no standard of evidence to support the standard of evidence".2 She referred to the fact that the US Food and Drug Administration and other regulatory agencies have no regulations for the constituents of placebos used in clinical trials. 3 In reports of clinical trials the composition of the placebo medication is usually not described. Golomb noted some exceptions to this practice. In several early studies that explored the use of cholesterol lowering agents in heart disease the placebo medication was stated: capsules with olive oil in one case4 and corn oil in another. 5 It is now widely accepted that these oils can reduce low density lipoprotein,6 a factor known to be associated with coronary heart disease. To what extent does the use of possibly non-inert placebos threaten the validity of randomised, placebo controlled, clinical trials?
Placebos and large scale randomised clinical trials The use of placebos in clinical trials helps to mask the treatment allocation: patients do not know whether they are taking active medication or placebo and the physician does not know to which treatment the patient has been allocated. Hence, use of a placebo eliminates the subjective effects of the pill-taking ritual and the effects of intended and unintended behavioural changes.
Masking the physician to the treatment allocation guarantees that, on average, patients in both groups will receive identical medical care. Masking the treatment allocation will be achieved only if the placebo medication is the same size, colour, and shape as the active drug and tastes the same.7 Furthermore, outcome assessment in both groups will be unbiased and this will improve the internal validity of the comparison between the placebo and active medication groups. 8 A few decades ago relatively small trials were conducted because large treatment effects were expected-for example, in the assessment of the effect of clofibrate, a cholesterol lowering drug. The four largest trials included a variable number of patients, from 497 to 15 745.5 [9] [10] [11] The medical importance of small treatment effects implies the need for large-scale randomised trials. 12 For example, mega-trials have become the standard of evidence in the treatment of patients with definite or suspected acute myocardial infarction. If the placebo has a large deviation from inertness it is obvious that the results of any tnial will be biased, but even low placebo activity could bias the comparison when the absolute treatment effect is small. In this setting a positive, negative, or null effect of a drug might be the consequence of a negative, positive, or samedirection effect of the placebo.
Hypothetical examples of the consequences of a beneficial placebo To illustrate these effects we generated five hypothetical trials. All trials evaluated the same medication against the same placebo. Drug administration, duration of follow up, and outcome assessment was identical in all trials. For all trials the main outcome event was mortality. The relative benefit of the medication was constant and mortality in the control group declined. Suppose that in these trials the placebo medication was not truly inert but had prevented one death per 1000 patients treated with the placebo. The working mechanism by which the placebo had prevented the deaths was independent of the disease under study, so a constant percentage of the total number of patients in the control group was affected by it. This means that an extra 0-1% of deaths would have occurred in the patients treated with placebo if a truly inert placebo had been used. The relative bias in the risk difference attributable to the beneficial placebo increased from 1% in the trial with the largest risk difference to 10% in the trial with the smallest risk difference (table 1) .
In the previous example the placebo was assumed to prevent a constant percentage of deaths in the control group because the deviation from inertness was assumed to be independent of the disease under study. Suppose that, like the olive oil and corn oil in the clofibrate trials, the deviation from inertness is related to the disease under study. Now the mortality prevented by the beneficial placebo will not be a constant percentage of the total number of patients in the control group, but a constant percentage of the total number of deaths in the control group. Suppose that in the five hypothetical trials, two per cent of the total number of the deaths in the control were *Independent beneficial effect indicates that the working mechanism by which the placebo prevents deaths is unrelated to the disease under study. Dependent beneficial effect indicates that the working mechanism by which the placebo prevents deaths is related to the disease under study. tRelative bias in risk difference = (beneficial effect of placebo:risk difference) x 100%. prevented by the beneficial placebo. In this case the relative bias in the risk difference due to the beneficial placebo remains constant (table 1) .
To further illustrate these effects we chose five real clinical trials assessing the effect on mortality of different drugs in the treatment of acute myocardial infarction.11 '7 All studies used different inclusion and exclusion criteria, different follow up periods, and different control medication. The relative treatment effect of the various drugs ranged from 0-67 to 0 94. Over the years smaller risk differences were found, partially because of the decreasing relative treatment effect and partially because of decreasing mortality in the control group. Suppose that in these trials the placebo medication was not truly inert but had affected 01% of the patients in the control group. The relative bias in the risk difference caused by the beneficial placebo would then increase from 1P4% in the trial with the largest risk difference to 20% in the trial with the smallest risk difference (table 2). We realise that the duration of exposure to the non-inert placebo and the duration of follow up will be important determinants of the influence of the non-inert placebo, but we will not discuss these factors here. Moreover, we are not saying that the results obtained in these trials were biased by a beneficial effect of the placebo. This is merely a numerical example of what could happen in the assessment of small treatment effects with control medication that is not completely inactive.
In conclusion, the relative bias in the risk difference caused by a non-inert placebo increases with smaller absolute treatment effects only if the deviation from inertness is independent of the disease under study. We think that the possible non-inertness of a placebo will be independent of the disease under study in most instances, but there are certainly exceptions. A comparison can be made with the model that suggests separating benefit and harm of health care interventions, initially proposed by Lubsen and Tijssen'8 and further developed by Hoes et al9 and Glasziou and Irwig.20 They suggested that intended patient benefit increases with risk of disease but that rates of adverse events are independent of risk of disease.
Implications for research Many factors can influence the internal validity of a trial. These include a flawed randomisation procedure, better co-medication in the control group, and poor placebos.
The internal validity of large clinical trials in which small effects are anticipated is more vulnerable to such small deviations than are smaller trials in which large effects are anticipated. Furthermore, as we have shown2' it may be important to give full descriptions of the circumstances and setting in which the trials take place because placebo effects and variables in the setting may interact with the drug under study. Do we need to control the placebo in placebo controlled clinical trials? Our examples show that small effects of placebos can affect the internal validity and hence the results of trials assessing small absolute treatment effects. So there is certainly a need for further study of placeborelated effects in clinical trials as they become increasingly important. However, it is not possible to test the placebo for true inertness. What placebo should it be tested against? A placebo can only be assumed to be inert according to current knowledge.
Twenty five years ago who would have thought that the olive oil and corn oil used as placebo medication in the clofibrate trials was not truly inert? Because it is impossible to test the placebo for inertness, in future trials the constituents of the placebos should be described because they might later prove not to be inert. ANTON 
